The DNA sequence of a 354 basepair EcoRI-Hindlll fragment of plasmid pMB9 which has originally been derived from plasmid pSClOl has been resolved. This fragment contains a promotor for transcription directed towards the EcoRI site. E8cherichia colt RNA polymerase binds to a region within the KcoRI-HindlH fragment which contains the heptamer 5' TATGGTG (132-126) and the duodecamer 5 1 TGATGAACATCA (158-147). Based on commonalities with other promotors these DNA sequences probably function as, respectively, "binding site" and "recognition site". Furthermore, this fragment harbours a translation reading frame free of nonsense codons and at about 25 basepairs from the indicated heptamer a nucleotide sequence which meets with the requirements for initiation of translation. By heteroduplex mapping it was shown that the EcoRI-Hindlll fragment has been derived from a region near or within the origin of replication of pSClOl. The copynumber of plasmids containing the EcoRI-Hindlll fragment is two-fold lower than that of plasmids lacking this fragment. This effect might be related to the original function of this fragment on plasmid pSClOl.
INTRODUCTION
The construction of a series of ColEI-like plasmid vectors has been most useful in recombinant DNA technology. One of these plaamids, pMB8, has been used to construct the tetracycline resistance (Tc r ) derivative pMB9. By a "scrambling" method, which consists of ligating EcoRI-digested pMB8 and EcoRI* fragments of plasmid pSClOl (conferring Tc r to the cell), the antibiotic resistance marker was incorporated into pMB8, yielding pMB9 (1,2). Due to the low specificity of the EcoRI -activity (3) many pSClOl DNA fragments could have been inserted into pMB8 and moreover, rearrangement of fragments might have occurred after ligation. This is illustrated by differences in the structure of the Tc -determinant of plasmids pSClOl and pMB9 (4). Furthermore, although pMB9 and pSClOl harbour unique sites for EcoRI and Hindlll, the distance between those sites is only 31 basepairs for pSClOl (5,6), but is substantially larger for pMB9 (about 350 basepairs). Clearly, one or more EcoRI* fragments, derived from pSClOl, have been introduced between the Hindlll site ©IRLPrws limited. 1 Falconberg Court. London W1V 5FG, U.K.
and the original EcoRI site of pSClOl.
The expression of genes cloned into the EcoRI site of pMB9 is greatly affected by the structure of the region surrounding this site. Recently, we have reported on the mode of expression of the Escheviehia coli uvvB gene, devoid of its promotor, cloned into the EcoRI site of either pMB9 or pBR322 (5). It was demonstrated that the EcoRI-Hindlll fragment of pMB9 provides for efficient transcription of the uwB gene, whereas the EcoRI-Hindlll fragment of pBR322 does not (7, 8) . In this paper we have studied the structure of the EcoRI-Hindlll fragment of pMB9 in more detail. The DNA sequence was determined which allowed us to define the plasmid elements necessary for initiation of transcription and translation of the cloned E.coli uvrB gene. The localization of the EcoRI-Hindlll fragment on pSClOl has been determined and its possible function will be discussed.
EXPERIMENTAL PROCEDURES DNA preparations
Plasmid DNA was isolated from strain HP3435 (8) by the alkaline extraction procedure of Birnboim and Doly (9) and further purified by CsCl-propidiumdiiodide centrifugation. Isolation of DNA fragments from 5% polyacrylamide gels was done as described previously (10).
DNA sequencing
Plasmid pMB9 DNA was digested either with EcoRI or with Hindlll. 5'Phosphate endgroups were removed by treatment with bacterial alkaline phosphatase. Subsequently, free 5'hydroxylgroups were labelled with TA-polynucleotide kinase and y-( 32 P)-ATP as described (11). EcoRI-digested ( 32 P)-pMB9 DNA was then incubated with Hindlll, yielding two fragments of 3.3 x 10 and 0.22 x 10 dalton which are labelled at the EcoRI terminus. The labelled products were separated by electrophoresis on a 57 polyacrylamide gel and the 0.22 x 10 dalton fragment was extracted from gelslices as described (10). Alter-32 natively, Hindlll-digested ( P)-pKB9 DNA was further digested with EcoRI, yielding the same fragments, but labelled at the Hindlll terminus. Sequencing of both strands of the 0.22 x 10 dalton fragment was done by the chemical degradation method of Maxam and Gilbert (10) , as well as by the nick translation method using dideoxynucleoside triphosphates (ddNTPs) as chain terminators (12). The sequencing procedures, polyacrylamide gelelectrophoresis and autoradiography were performed exactly as described (10,12).
Protection of Alul digestion by Escherickia coli RNA polymerase
In pilot experiments it was shown that the restriction enzyme Alul is not inhibited by NaCl concentrations upto 0.10 M. This high salt concentration was used during binding of RNA polymerase to DNA to prevent aspecific binding. 12.5 ng of ( P)-0.22 x 10 dalton EcoRI-Hindlll fragment (approximately 5 x 10 cpm; labelled by nick translation (13) was incubated for 20 min at 37°C in lOmM TRIS-HC1 (pH 7.9), 10 mM MgCl 1 mM dithiothreitol, 0.10 M NaCl with 0.125 yg RNA polymerase, or without enzyme. Then 0.5 unit of Alul was added and the incubation was continued for another 30 min. DNA was extracted with phenol and chloroform and analyzed by electrophoresis on a polyacrylamide gel.
Determination of g-lactamase activity in crude extracts of E.aoli strains Duplicate inoculants of strain HP3435 (8) carrying either plasmid pNP8
or plasmid pNP9 were grown in L-broth containing 20 yg/ml tetracycline. When basepair EcoRI-Hindlll fragment of pMB9. For that purpose this fragment was 32 uniformly labelled by nick translation, using a-( P)-dATP and the enzyme DNA polymerase I, after a limited digestion with pancreatic DNase I (13).
According to the DNA sequence presented in Fig. 2 
Regulatory sequences involved in initiation of translation
We have shown that a recombinant plasmid, designated pNP5 (7), composed of pMB9 and the uvrB gene inserted into the EcoRI site of the plasmid directs in minicells the synthesis of a protein with a molecular weight of 75,000 dalton (27). The cloned EcoRI fragment contains approximately 1,700 basepairs, located between residues 150 and 1,850 "downstream" of the EcoRI site, which are essential for UV-resistance in UvrB deletion strains (28).
According to the total coding capacity this DNA segment could yield a protein with a molecular weight of about 62,000 dalton. We assume that the 75,000 dalton protein found in minicells, programmed with pNP5 but not with pMB9, is a fused protein initiated on the EcoRI-Hindlll fragment and translated in-phase with the uvrB gene.
Inspection of the translation reading frames of the lower strand of the EcoRI-Hindlll fragment reveals that two of the three possible frames harbour numerous nonsense codons, also in the region between the Pribnow-box 132-126 and the EcoRI site (see Fig. 2 ). The remaining reading frame contains only one nonsense codon (TGA 327-325) at the extreme right hand side of the fragment; consequently, almost the entire fragment is potentially available for translation. This reading frame contains three ATG-and two GTG initiator codons. Only the ATG-codon at residues 99-97 is in the vicinity of a sequence (5'AGAGA; 108-104) which might interact with the 3' end of 16S ribosomal RNA (30) . Actually, the same sequence has been reported to be present near the initiator codon of the E.coli trpE gene (31) .
Protein synthesis initiated at the indicated ATG-codon (99-97) would contribute 33 aminoacid residues to the fused protein of 75,000 dalton encoded by plasmid pNP5. If our interpretation concerning initiation of transcription and translation is correct then RNA synthesis initiated near the Pribnov-box 132-126 would yield a "leader" transcript of approximately 20 nucleotides.
Recently, it has been noted that mRNA around a translation initiation site of either phage genes (32) or bacterial genes (33) has the potential to form stable stem and loop structures. The loop includes sequences complementary to the 3' end of 16S ribosomal RNA, as well as the initiator codon. Initiation of mRNA synthesis usually occurs at a purine residue 4-7 nucleotides from the 3' end of the 34) . The predicted mRNA sequence from the EcoRI-Hindlll fragment of pMB9 will be: ppp(A)GCUAAA... (see Fig. 2 ).
The extended RNA molecule may form a stable stem and loop structure with an estimated AC value of approximately -5 kcal (29) (rig. 4).
In conclusion three arguments can be advanced indicating that initiation of translation takes place on the EcoRI-Hindlll fragment, i) one translation reading frame does not contain nonsense codons between the Pribnow-box and the EcoRI site, ii) this reading frame harbours an initiator codon ATG (99-97) which is preceeded by a nucleotide sequence which might interact with the 3' end of 16S ribosomal RNA and iii) the hypothetical mRNA molecule, initiated near the , can form a stable stem and loop structure which is also found around translation initiation signals of other genes.
Effect of the 354 basepair EcoRI-Hindlll fragment on the copynumber of plasmids.
Previously, we have shown that the 354 basepair EcoRI-Hindlll fragment of pMB9 is required for efficient transcription of the E.coli uVrB gene cloned X. On many heteroduplexes it can be observed that the double-stranded region formed between single-stranded EcoRI-digested pSCIOI DNA and the single-stranded EcoRI-Hindlll part of the BstEII-Hindlll fragment extends from the tail to the direction of the most distal terminus. Hence, the EcoRI side of the EcoRI-Hindlll part coincides with the position of the tail (59Z + 4), whereas the Hindlll side is at 55Z + 4.
From these data we conclude that the EcoRI-Hindlll fragment of plasmid pMB9, or at least the major fraction of this fragment, originates from a segment of pSCIOI which is looated near or within the region involved in replication of this plasmid (36) . Although the EcoRI-Hindlll fragment has a distinct effect on the copynumber of the examined plasmids, its eventual role in replication requires further study.
